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~NER-TIRNING IN TATB

M. Cox, A. U. Cenpbell
Los AlanwIsNational Laboratory

Los Alamos, New Hexlco

Descriptions are given of two tests for measuring the tendency nf a
point-initiated detonation wave to diverge so as to propagate d right
angles to the axis of initiation (“turn the corner”). These tests were
used to study the effects of Initiator diuaeter and of acceptor tempera-
ture and density on the corner-turning distance in self-boosted PBX-9502
(95wtX TATB/5wt% Kel-FUIO). Measurements were made of the radial distdnce
at which corner-turning was achieved, and the volum of undeton, ed
explosive was calculated. Generally, the corner-turning distances
increased with increase in the density and with decreases in the initiator
diameter arw!the temperature. Both high densitl~s and low temperatures
caused anomalous and signiflcarltchanges in corner-turnlnq radius and the
volume of the 4ark (largely undetonated) region.
— — ..—..-—...

1. INTRODWTION

Uhcn a detonation wave fran a small d~to-
nator or booster entrrs a larger char~ of
cxplosivr, tlw dctnnatlon wave may fail or may
prnpagato and consume part or all of thr
charge. If thr ci~tnnatinnwave diverges so that
It trav~ls at a rlqht anqlc to the direction of
initiationwc say, for want of a better tmn,
that.it has ‘tur!w![ithe corner.”

Elpl@ralinn of t.hlsprncess waitmi ot nccos-
siL.yfnr Lhr dw’loprnrnt of adequate cam!?rasand
iflmt.l~qr?;]ilirtuhlllqul~%. bicihull[1] usptia
ciun.’rnwith a photogrtli.)licfi~m moving at
f),lnwI/vsin m nttrmpk t.otf!st“an olliholtrf
tiliilthr [ictoutltinnw,lvI?musi.i.raveld ccrtnin
[iistnncrfrnn tho Init.iat,lngpoint hoforc
nttllinln:,its final SIMWVI.M Frmn nhsrrvatinfl~
nn wavr divwgcuw in n CiI,ltmqrof prrssrd TNT
inli.ialtwii)y,1small lii!tnnatnr,itccum in Lhu
cnm.lusinn tilat“(irton,lLlnnIs propaqatmi Wilil
Unirotrn\WPIiiniIll(iiroctlnnsfrrxnLilr
(it?innalnr.n

Mll(hrii ,ln(ii’,llwso~l[:i]ollwrvrd LiIfllItl
iiqllili Illtt.flli l}l”l’1” 111, Whlv’r Iilo han%pmvll:.y (If

IiIt* rnpill%ivo p! ’l”l;!!lil’li I)ilw’l”vl’iinll of i.lw

spread of detonation, “the initial velocity of
detonation normal to”thc axis of th? detcwmtor
was appreciably less than thal along the axfs.”
They cstahlished that muciiof the wave in the
axial direction spread sphcrictilly,and, by
assuming a constant vnlocily, attempted to
f?stahlishthe apparf!ntct?nterof thr wave
tilrougi}an an~lysis of the imakout record.

Jrmcs and Mitchell [4] generally ayr,!crlwilli
Shephcrri’sfin(ilngtilata transitory low
vrlrmlty cuultib(!obscrv~(iiilsmnt!high I!xplrI-
slves, particularly liqui[imi qelatinollsexilici-
sivcs; howrvor, iII hlqh-dcnsit.yoxpltJsiYLIs,i.lu!v
b(!licvt!(ithat inmwdiatc, high-nrtiordetunatinn
was tht!usual result evrn with d(!tollat@rInitia..
linn. In contrast to this, tiw?yshnwrd tilat,in
cyllrwiricalcbarqi!snf coarsp grist soil[ivxi)lo-
Sivl?s,IIsi.id)lclnw-nrder velnrity coul(iiir
prn{iucwi. Such a low v~locity and also a staillo
hiqil-or(iwvolucit.ywrrr,(~xilii~ltodby fiaku lNr
it.a (iwl’.ily Of I.(’i qhln.1.
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near the Initiator, regions of explosive which

remained dark and which they termed the “dark
space” and the “super dark space.” In the super
dark space they believed that no high-order
detonation cccurred.

Held [7] has given descriptions of several
interesting experiments in which he attempted to
reverse the directon of detonation. He
concluded that, within tile geometrical
constraints imposed, it was very difficult to
achieve reversal via corner-turning, and that
one may not, as in optics, regard each ooint on
the wavefront as an origin for new wavelets.

Most recently, Jackson et al. [8] have
studied the initiation of TATt3 formulations with
flying foils. They found that they could reduce
the divergency of the initiated wave by reducing
the diameter of the flying foil or its velocity,
and observed non-divergent detonation near the
limit. Other factors which affected the diver-
gency were the temperature, density, concentra-
tion of bind~r, and pai-title size.

A positive corner-turning distance is, it
sr?ems, exhibited by all explosives, Including
lead azide [5]. This behavior is more
pronounced for liquid and insensitive solid
explfisives, and can present a severe problem as
the initiation limits are approacnert. TIY
examine this behavior we have dcvisc[l two frtrms
of corner-turning tests. The first is used
primarily as a qualiLy-col]trol tt?st; the second
cun he used to study details of Lhe process of
corner-turning.

11. EXPERIMENTAL

The cnrrtrr-turninq tests havr b~en designed
for TAT1l-hiIscd explosives (1, 3, 5-triamlno ?,
II, tl.trirritrnhcnz~nr). More specifically, the
dat.n prrscn’:ud her,! fire for PIIX-WW?, which is
crrmprtscdnf 5% Kc1-F ~nd 95% TATII, half of wh!ch
is rnworkr,.1TATU. Both th(! test piccc nnd the
hno%trr nru ot t.llus m[? m(ll.~$rialan(l of thu samr

?dcnzit..y(+ ().()1g/~m. ).
hnostcr OF ,lc.ccpt,orwas
0.[)0? g/cm~.

Thr drcsil.,yof ,ln,y
known to l)PLLPr than

A. ~ON_f,{f)l ,[-$T

q. 1) Is usIId prlmarlly
i, to drtrrminr If th(,
for a q;vrn hatch nf
rrqulrrd ,.nrlqc, 11.
I!SL plPcr Init.latrd hy
Indrlc,ll lM!I)sLrI”\

Thr cnrjl.rnltr%l. (1’
as ,1uIl,Il11,y-co ntwl t.tl’
corn~!r..tlll’lllrlqdlstancc
II Y,p\CSj VC, l% wii,hin thr
invnlvrs J rylindrlcal
Iwo WllllIl,t’ -d lmrrllr.l T r.y

Corlcml.rl :n II,fIIlImIl t.:)c,lrh nt.hnr nnd I,h(vllo
Ill!’ Il%t , (11, ,11-(:lyll, ol., pl m’. (:lq,arPt. tP p,lprt’
,1[’1 \ !1(, ttll, f I(I%II!T. WI I;I-ll Is f)l)srrvf ’(1 with ,1
mf~,u. (,,WIPI: wlllil~y,l wllh d slnqltt \lll .
I I(lln”c? l,+ow~;,In vx,lmpl(l 1)1 a f Ilm t.t’,}{!,

Plllal IIIIIl willl 11111.tr~:hniqlm.

E-1

Block adop!e~

940-?
Pellet

2 9502 Booster sec?ions

1111~

f-k —iOs! piece

mFCqo,elle poper flo?her

Fiduciol wira

— Steel stole (mm)

Fig. 1. l?c control
ollserve the

test. One slit
hrcakout trace.

is usd to

ri(l. 2. A f Ilm t.r’a[(jll~lrlqIhr cf~rll.r(]l111*141(111.
onII ll-(IKIIIs r)h<fv.vful;tlh, l,ilnll~(!).(illlt,,
1’.?!lW. rho (“~ll”r::)).-i,llrrlirltlfli~l,lm:l,
III”pI)lnl illwtli[tlIlrl’,lk[]u!lK Ilt”.1
1111’{1’illrllll l’.dmllt 1[)m II’(mlIIll,

Inil Id! ifm ,,IIrl ,I(r. IIIV I 1~11111111i’.
1(1( ’,111’11 ;’11 Irlll it’llm Ihl} Illllllv’ $111.1,1(1, 01
lhII ,I~Iopl.111”,WhIIrIIinn i,lli[ju I,ILIII,
pl,l(l,.
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B. CORNER-TURNING RESEARCH TEST

The second design, the experimental cornt?r-
turning test, used a paralleleplped as the test
piece, rather than a cylinder. As with the
control test, the acceptor explosive is
initiated with two cylindrical boosters. Cig~-
rette paper held with l/2-inch-thick Plexiglas
is used as the flasher, and is placed across a
2- x 2-in. surface of the test piece (the
observed surface). A 50-mn-long booster of
PBX-9502 is glued to a 1- x 2-in. surface of the
test piece. The booster edge is 1 rnn fran the
observed surface, and the booster center is
20 mn froid the side edcje. These two dimensions
have been maintained with all the booster>,
which ranged frcm 7 to 18 mm in diameter. A
second identical booster is glued to the first
to give a total booster length of 100nrn. The
system is initiated in one of two ways; a
PBX-9407 pellet 12.7 mn in diarn. and 12.7 mn
long, and an SE-1 are used for shots with
booster diameters of 11 nm or less. For the
larger-diameter designs, a PBX-9404 pellet,
1 in, in diameter and 1 in. long is glued to the
booster, and this in turn is initiated with the
PBX-9407 pellet and an SE-1. By observing the
wave traces with 8 slits equally spaced and
focused on the front surface of the
parallelepipeds, wc arr able to observe the wave
pattern from a distance of 1 mn to almost 30 mn,
measured laterally frcm the booster edge
(Fig, 3).

An example of a shot reccrrl with f!wave
traces is shown in Fig. 4. As with the control
tt!st, the film is digitized with respect to time
and distancr alrrnq thr ol]st*rved surface of thr
test piece, Thr strrnqth of this design is thcit
srveral tracrs m,?.~hc obscrvd for one shot., and
thr wav(! hist.nr,ynut. tc an(i brvnnd t.hc cnrn(’r-
turninq radius m~,y IN? d~!l.~rmincrf.

r.. CORN~R-TUl?NING M1’ASllR~MI’NT

Th~! d{!loniIl1o11WJV[’ is inltiahcl in ,1donor-,
nr hoost,f?rr,olllmn of PBX-9502, prefw-~hly not.
lPSS f,fl,ltl$1x (Iiami,l.w:, In l(~nql. h, Thi\ l!!nqt,h
pl’tmlls sf,ahi lizat Inn nt the drtonfii.lon wavr
vl~lncll.y ,lnd CUr Vlll.Ur(I. rll~idr t.h(?i’lcc(!ptor
~h,l~(ll! ltll> (ll~r~l 1011,11 Iy inlt, la!. r’(1 (I(jti)rfdt.lf)ll

W,lvr IIlvrrql”;. aml a rwor-(1 (If It$ nrrivl)l at,

I,hv acc(!pt.nr SIIrf IIr II is mado with n snwnr
(:(lMW,l . II I.h(’rl’ it a 1)(11111. on a tr17;(~ t.h,lt is
I(l,lqllnl, t.rl t,llrarriiplor \llt”facl~,ttll~W(’l)r(ll\
(Il(l”ll,ll(vl an(l f II 111(1 ilhnlll, 1,1)0 point. Of l.nllq(’ll[y

wtlh J rIIII II. or (Illrldrll’ II’ (vlunt 11111. Thl,, [VI J,l -

t 11)11 i~ l.hIIII (Ilff,’t’(vll Ial(ul II) f ln(l ttw pnlnt of

lallqt~n[:,y, and III(I (11’;1 ;111(($ (11 i,hl$ polllt 1)1’lllw
tho onlrancr lillrf ,1(:(1 of 11)1} lf~r,l plo(f! i~ 1,1111111

III(’ “rornvr..l in.nlllqlll~.f,,lntIj.”

III. IX I’II{IMINIAI 1)1’ill;N

lhl\ I,IIIIIV 11111,.1,.1,. of thII moll,tm.mlt,nl IIf

Ill{) l“[ll’flllt’ -lllt”llllll] 11141CIVII11’ 1)1 I llx.-uhil;~ Ill !1

nlill rl X (If ((]1111i: 11111’. lIllmI, Il wll II 1111.1*1~

111’ll$llt 11’?, ltll’1’1, IIYlllllll’ lltllt’l*’,, Jll(l f(lllr 1){)0”.11’1

!ri?ioting system

S5(.)2
oostor Sacfions

Ptaxiglas

I

““r

lJ\
\

=., ..’

[~JJ

— 9502

F’” (
Test piece

h

~.

. .. .

“’<;.
This foca covamd with

clgmatta popat flashar

Fiduciol marks

Fig. 3, The research test. Eight quidistant
slits are used. The first and last
slits are aligned vertically,

Irirf.4. A film trncr in thv rcsrarch trst. Ttw
diamctw [If th~t inltiat lnq Im$lw 1~
1(1ml; I.IW [I(vl’ilty 01 I.h($”lrsl. p:iu:(t ;’,

I.fltl(i q/rhl]; tho t,q]l’rat.ur(! It
7!I’Y. TIN avoraqr 1(~)’fl{!l’-t.llt.rllrlfj
d I$t,,lrl(:lt, IW(l!; III’I’(1 (Ml t 110 last follr
trar(’~, It lfl./ mn.

(1I,lnll’t.r’*.\. IIrV!l’tl1~’~,1.till’dl’ll<lt.y(!: tlw’
Iw’,t.r)rmat(hr[! that )f IIUI at,f:vpt,lw. lout
hllll’.tlv’ (Il,lml,llv.,,wr~’1~U“;v(l fol’ Uacll IIvll’. lt y.
trmlwrat.urr p,llt’. lot” l:llllvl’ll lf’lltt’. Iahll’ I
q!l(; w\ t h,) \( ,1 I :11!1 t ,1(,11))’\ I 01” t 1111I) f)fl’!t Iv’, 1’1’1!1.

t IW’ 10 Illf* f ,11 1111’(* lllam(~t(’1’ fll VllI’h trlnl)i]l’{ltl lr(’,

.1
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TABLE J
SCALING FACTORS FOR TEMPERATURE IIEPENOENT BOOSTER DIAMETERS

Scaling Factors

Booster Diam
}allure Dlam

1.04 - 1.08

1.13 - 1.19

1,29 - 1.31

1.53 - 1.57

+ailure diameters were

Booster Diameters (in

-550C 25CIC
+11.5 mm Ftiilure Di~- *8.5 mn Failure Olam

12.0

13.0

15.0

113.O

determined at

9.0

10,0

1“1.0

13,0

the three reported temperatures f6:” a

and a density of 1,893 CJ/Ctr3. The data are
examined from the followinq viewpoints:

o

●

o

●

The variation of the corner-turning
distances in a given shot with respect
to the radial distance frcmn the booster
axis
The variation of th~ corner-turning
distance with booster diameter,
temperature, and rirnsity
The variation of corner-turning radius
with demsit.y, temperature, and booster
riinmeter
Thr vollmnc of t.ho “rle~d” r~ions frmn
which no liqht t?m.annl.us, wh(’rv d(’tnnd-
t.ion dnrs not rmcllr

IV. C(,RNrR-TllRNING DISTANCE DEPENDENCE IIPON
CORNFlt-TllRNING RADIUS

IIsinq I.hc cnrnrr-turnln!l rcsriirch dcsilin. nn
l.hc av~r;.o”, cm!] shnl contalncd four trarrs
whirh Indicat.ml I.hnt cnrnor-turnlnq hod
occur rvd. As Is shown In I“I!I.4, Ihu frm,- slit
trilCr\ rlnsost. to thr I)nn$t.1’r qav(! nn cvidrnc(’

nr c[)rn{’t’-t.llrrllf)(], Tlw’ cor~ll’r-t,ll)’rlin[lradills
wa% c(llt:ulat.f!d for 1.11(!f Ir%t trace shoulnq
corlll,r-tllr~llrl[l;thl,; r,wtlus is Lhv I)t’rl)rll[ll[:llltl)’
d lsf.anrl~from f.tw’hno~l (’r ilX 1: I.n I.fl(>corrr -
spI)ntllnus III po~it Inn on I.hv {ll~sw-vod surfacl’
(11[1. !i). lxpwlmrnl. al vallm$ nf thII
rol.tll}r-lllr.llirl{jradlli’~arr Ilstrd In Tah10 11;
III(Il~x~~l’l”irll(ltll,llr(lrll~’i’-tllrni[l~l(flfl.flnc[”,
rq~lll’1.t’dIII 11111flaml’I.ahtr aro t,hr aVrr(WIV
v!lllll~% or ftlll (’l)rrll’t’ -lllr’rllflll (li\t, anrr for I’!I(’11

‘,11(II ; III(! I’,ln(l,! l’, Indll:atljll I.hlv”r, (1’1 Wrll.

Appar,,lll I y, flw l:l)t’1l(ll’ -lllt”lllt)ll l’,l(llll\/

(ll’tlan( II rl’llllIon’,hlp 1~ that 0( “w” or “m)-
[)()”. 111 111”111’I’fo llh~l’rvo 1“111’1lf’1’-flll’fllll(l, 0111”

mll’;t 111111Iryl 111111’Ira I I.I’J, I IIIIUIW wlt h r,wll I
11111,IIIW ihlln II}(I mlnlmu,n (()!’111’l’.fllt”tllll(l rm!ll.

{11’ 111.1’ 1111’ lllll’ll ll{’l{’lllllf ’(l tl$l hnlqlll!.

Ill ‘.PVI’I”!I1 Il!llll lll’ll’llll)t’ll $h!)l’, 111!’

llllt (111,1111)11 W.lvl’ (1111 f .11 I t 1) Ill I’ll 11111 11)1”111’1’;

ml)

75’3
●6.5 mn Failure Oiam

7.0

7.75

8.5

10.0

density of 1.993 g/cm3.

with these failures one observes the normal
pattern of breakout for the first three traces;
the ranaining slit traces are blank (rig. 6).
Such data show that the ~ivergen:e of the TATB
detonation wave is depcr,dent upon both the
corner-turning distance and thp rad’:is of the
~harge. To observe corner-tulnin~ ‘nd Ihc full
divergent wave, both distances must b,’
available. Once the divergence hds occurrcrt,
that is, beyond the corner-turning radius, thr
detonation wave stabilizwl to give cssenLi~ll.y
the same corner-turninq distance fnr
radii.

n S111posltlnns

I 1(1.‘1, Iafl’r”cllIIi’il,lll(’!’.will) ;’.1
t.lllrl.1!11’pl’11,1(’l 1! ’(1 1111!1111”!Ill 11111 .,111’!

al’1) I 1,1,1111114 mu ,11 1111, [ 11,1!.111. ..lll.f,1,{,.
1111!ldfl~l’cll 111’.lcllllf”i !It’1’ ,Ill)wll hy tlll~

illlll,. fl’lull tlll~ 1)111,’!1!’1’ ! f’till’t” f!) 1111,

i~lltll. ,
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T=wrtiure = -550 ! WC

F-406G 1.970 12’.0
F-4W7 1,MJ3 13.0
F-486B 1,070 15.0
F-4869 I,E73 1s.0

F-4a94 12.0
F-4M5 !:E7 13.0
F-4876 l,OIM 15.0
F-4874 1,B25 1s.0

F-4H5?
F-4R511 ;:E

Tmp?ral.we = 250 ‘ IW

F-4K61 1.B74
F-47WI ) .R74
F-4n6! 1,073
r-4864 1,s69

l-4nlll I,nR.1
F-43!/!l 1,61M
r.4nn4 1,nRfi
r.4tlF!6 1,nn7

I .4n45 1.917
I 41141 l.m?
I -fl.’4rl I,w-1
f-4;lwl Imq)l
r-41!\ I 1.91V

Trmwral IIrr . 75(I I 10(

I..t!ll: 1,t17!l
r-4!l:.l I.rl?rl
r-4pu[. 1.n7t

r.4n~: I,@s!!
I -mss I, RR!
1-41mt I,lMi
I -mwl I .RIM

I .4!1.’1 I,qll
I .4r,u) I .Wl)
I -41111,’ I . W:
I .41111t I.’al:
I .411111, I ,W)d

15.0
18. O

1:::
11.O
13.0

1:::
il. [1
13. n

IHI
I?cn
11, n
Is, n

!mn
7.15
11,!l

7.0
1.15
R,%

Ion

).(1
).15
II, <
9,11

Io.11

17.91 ! 1.20 14.30
17.54 ! 1.02 16.21
15. m :0.93 12.62
13.64 i 0.?59 11,53

25.17 ! 1.66 22.04
26.35 * 1.29 23.30
21.74 ~ 4.48 20.64
19.m j 1.37 17.30

Failed, no l19ht be~md 51:1 slit
35,62 (1 point) 35.87

15,27 “ 0.49 12.C5
13.06 “ 0.45 10,29
11.55 ‘ 0,34 ;,::
10.3! I 0.72

IR.6? I O,M 16.4Y
Ifi. ?l ‘ 0.67 16,74
15.56 9 1.18 I?.nti
13,0? ~ o.h4 11.lq

Fallrd, no l\@Itbcyonfl 3rd slit
39. W * ?.43 37, rt3
?!.10 ~ 3.79 25, ??
77, ?4 * 0.5? ?.l,hl
25,1R ~ 0.36 73.16

1?,54 rr.~u
11,511 t ‘,14
11,.l!l ! 1.4rl

16.57 c O.WI
1?. ?1 ! 0.?4
Il.?? 9 0.56
10.71 i 0.1?

.1/,77 c 1,30
J4. W . I,nri
30.:4 r I.q!
?.7.47 * ml.!
711.1)/ . I,wl

13.KI
10.15
10.17

13,51
9.?0
n. ml
1.15

3$.44
11.1?
m,wl
m, m
7>, [Y

17.46
17.67
L9. 12
22.36

21.19
21.36
10.12
22.36

29,73

13.20
13,42
13,6L
14.15

16.92
17. C9
13,6!I
14,15

24.26
?5. (11)
:1,36
71,73

16,67
9.37

13.10

17. n7
I?,q!l
IJ, 1[)
17.r751

70, !ln
7n, w
A), tin
16,0.’
.’4, 14

14.06
14.36
15. %
16,68

18.911
2.I.5?
21.22
19.95

76.13

10.95
11.07
llm67
12.1?

12.3fl
17.77
17. Hl
13.1?

71. -I
71.5?
?l. ?7
71. ?6

8.9?
9.13
9.46

10.57
9.97
9.?6

lrs.71

11.?4
lh,3/
14, M
14.$11
Iu. 1.1

“Volw” of

t%
6.5m
4,900

16,3m
29,400
19,300
13,80@

51, !KR1

3,10n
?,600
2,mn
I,m(l

5, ?0(1
5,200
4,1011
J. 1o11

.Kt,ulll
/5,J~
7?,91rll
7J, Ino

7.5oil
i!,alo
7,0011

3, 4al
2,0X1
I ,M)H
I ,Itrlll

:4.5011
?Il,nihl
Il,hml
V,nml

.’I,41111

!)
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v. CORNER-TURNING DISTANC.E-DEPENDENCE ON
BO05TE.R DIN4ETFR, DENSITY AND TEMPERATURE

illFig. 7, the relationship between
cornvr-turning distance and density is plotted
for ~ario:ls honster diameters at thr~e twnpera-
tures. Th~ data suqgest that for a given
booster diameter, a density as.wptote exists.
Such cvirlcncr implies that for this density, the
rlctonation wave will fall to ‘Ilrn the corner and
will nnt. spread laterllll.ybeyond the narrow
column correspnndinq t.nnn axial pro.ioction of
the initi.attnq hoostw. The data also suqgest
th,lt.t.hr fnilurr di,lmct.rrot PIIX-9502 incrt?~scs
with rlrntil.y19].

Thr I)oost(?r (Ilamptws YN?ru cho~en tn t?xaminc

t.hr cffrct of scnlin!j with respect to tht? fail-

(Irn dlmnotw . Thcr(’ apprnrs t.() hc no strnn!l
rnrrljl(ltlnn nf t.lw seal d I)nnst(v- flidmrters with

c(rnor-turnlnq dlzlancc or ~’dilills; rather, thr
bnpornl. urr cffrct i’; f,lr morr siqnlflc,mt., Thr

wml)lont, 11-rnn hon~l(’r, hlqt,-density shnt. w.ns

<Ilr(-(,., <fill, whilo tho corrrfpnnclln!l cold, l!i-mn

I)orl:t.rv shot f,l~l (’d. Intt, rlwtlmll,y, all fI~ ttl($

hot. shot< t.llrrlrll tho cIIrnrr \uc(r LsFuily fit, hl!III

drnslt.y, wht III nfll,y ono (.01(1. find two .aml)i(’nt
Snot\ (lPl, nn,lt(vl (1I Ih l., d(!ll\l Ly.

Ttulz, ,lc.‘,hown In T,llllo1I, thr cnrrw’r-
Iiirfllt]qdl~l(ln(r’ It “itrnnll!ydrpondl’llt uprm
,I:lnnII,y. A 1% llrll~ilyrhof:ql’mn.y cduw’ n 61X
rlI,IrIIIfI111 Ihf. rornw I IIrtl itlq (1 I St,,lnr(l. Thl’
I.(wptir,lt(lrl! (~ff[,{I 1,;,11$0 ‘il.rollq; f,w rx,lmplr.
,! Icwrlnu of I,hr tmnlwr{lllirr hy I.I!)i],frmn
~!l(lcto -I1!)W, rrlf~rll IIW d 44% Inrro,l’irIn
1111’(’(ll’lll’!”.l lll’lllllll dl\t,lnl”f~,
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VI. CORNER-TURNING RAOIUS

The experimental corner-turning radius
represents the lateral distance meacured frc+n
the booster axis to the point at which corner-
turning Is first observed. In order to calcu-
late the theoretical corner-turning radius, the
point of initial break-out for each slit is
plotted against the later?l distance fran the
booster axis (Fig. 6). After fitting these
points with a polyrmnial, the local maximum
point is determined. The vertical coordinate of
this point is the theoretical corner-turning
distance, while the horizontal component is the
corner-turning radius (theoretical).

As was ubserveo with the co]ner-turning
distance, the radius is aiso dependent upon
temperature, density, and to a lesser extent,
booster diameter. In Fig. 9, the relationship
between density and the theoretical corner-
turning radius is shown for the three tempera-
tures; in Fig. 10, the closest experimental
point at which corner-turning was observed is
plotted against density. The first plot permits
the estimation of the smallest rad!us for which
corner-turning will be observed; indeed, the
theoretical corner-turning radius is generally
smaller than that which is observed
experimentally. In experimental designs, this
radius must be available in order that
corner-turning be observed.

-—. — ——— *

Fiq. P. The closest uxl)rrlrnental point. for ~iich
silt. trare to the booster surfacr of
thr IrF~l piece In rclat,innship to thr
latrrlll [ilsiancc fran thp buostw
,Txis. The s,~li(iIlnr rrprz%pnt< the
t.hlrrt-ordor pnlynomlnl fit uswi to
{Iofinr t.h~ dark rcqion an(i L() (iptwmin(’

Ii.$volumr. Thrse” nrr thr [iata
ohfainrd frcm t.hv trdc~~ thowhl ‘n
rlqm 0. A 1()-nznlmottr~r wns IIWd Ior

this \llot; t.hr pnl.ynmnlal wn+ thou
trrmln(ll.(vl at !I frfn, t,hli rorr(~~ponflinq

Iw)ostrr P(lqr.

10

L.
Fig. 9A

3

LlePslty (g/cc)

30 .

15 mm

12mm +$0
20

,3 /;” ‘
/

13+m.rn,___ _-—_=.z.=fmm
llmm~--

10 9 mm

, LQ!! ..—.—

Densit> (g/cc)

#-
I /-

“7mm
..

la
t

~<”:””
--l .,- ..-.+

, 1 ..”. -. . . . .. .. - --+ -—..—.–--6- - -

m ~
“ ~ :g:$!~.-.,. . . . ... .. ..- .. .. . .. .-

I’)onslty (g.r(.l.)

rlq. ‘1. Thr thwrctlcizl rornrr-turninq r.dlu~
In rrlat, lonshtp tII t:lr drnsiiy of thu

rtu’rptor plrc( , Flgurfx a, b, all(l c

rzy)refrnt data nl)talne(i a! -5!I[)C.
/!)%:, ,111(1 /!)W, Ixwpcc’1 IvPly. 1 Ill!
I)()()+irr (Il,lmrtrrs arr iu(ll(dtlvl In nzn

on tho Fiqirr%.

I



Cox, etal. (T4034)
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VII. VOLtlME OF THE OARK REGION

To determine the dark region, the point
nearest the booster surface for each slit trace
is plotted against the lateral distance frcm the

booster axis. The region defined by these

points and the booster edge of the test piece is
the dark region or “undetonated” zone. After

fitting these eight points with a cubic poly-

nomial, the volune of undetonated explosive was
calculated for each shot. The volumes reDorted
In Table 2 are obtained by rotating the poly-

ncxnial about the booster axis and integrating

fran the booster edge to the calculated corner-

turning radius. Fiqure 11 shows the effect of
density upon the volune of the dark region.
Again it appears that an asymptotic density may

be approached as the volume increases sharply.

The dark-region plot is similar to those for
corner-turning distance vs density and corner
turning radi~s vs density. In general, ore
observes density asymptotes that appear to exist
within a density range of 1.899 to 1.906 g/cm3
for the hot shots, the two high-scaled ambient
tests, and the 18-E3n cold shot. For the smaller
diameters, failures were observed when using
high-density test pieces. We have shown that
for a high-scaled booster diameter with medium-
to low-density PBX-9502, the results appear to
scale under ambient and hot conditims. but not
for high density ~nd low temperature.

VIII. CONCLUSIONS

9

8

●

9

PBX-950? exhibits large corner-turning
distances and ccrner-turning radii even
with self-boosters well above failure
rliameter.

Corner-turning behavior is particularly
sensitive to the density of the accep-
tor, to t!le diameter of the booster when
near the failure diameter, and to varia-

tions in the temperature of the acceptor.

Significant volumes of acceptor

explosive in the vicinity of the initia-
tion point are not delonated, and m(lch
of this volume is proh~bly unreacted.

The failure diametrr of PBX-950? proh,ll,ly
increases with d,nsity.
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